
NASA Technical Memorandum 81787 


r 1 hot mmv 

mm to LIbrary 


A Study of Panel Loads and Centers 
of Pressure of Three Different 
Cruciform Aft-Tail Control 
Surfaces of a Wingless Missile 
From Mach 1.60 to 3.70 


Milton Lamb and Charles’ D. Trescot, Jr. 

> 


MAY 1980 


11 JUN19 80 





LM1681 16E 


9 * 


NASA Technical Memorandum 81787 


A Study of Panel Loads and Centers 
of Pressure of Three Different 
Cruciform Aft-Tail Control 
Surfaces of a Wingless Missile 
From Mach 1.60 to 3.70 


Milton Lamb and Charles D. Trescot, Jr. 
Langley Research Center 
Hampton, Virginia 


NASA 

National Aeronautics 
and Space Administration 

Scientific and Technical 
Information Office 


1980 



SUMMARY 


An investigation was made of the forces and moments on the cruciform aft- 
tail control surfaces of a wingless missile model to determine the variation of 
panel load and center of pressure with angle of attack, tail deflection, model 
roll angle, and Mach number. Also, a limited force-moment and surface-pressure 
investigation was made on a noncircular aft end to determine the effects of 
fin unporting. These investigations were made in the Langley Unitary Plan Wind 
Tunnel at Mach numbers of 1.60, 2.36, and 3.70 and at a Reynolds number per 
meter of 6.6 x 10®. 

The results indicated very little variation in center of pressure for the 
highly loaded windward tail. Equally good results can be obtained with force 
or pressure measurements. The normal-force slope can be predicted quite well 
using linear theory, but the location of the center of pressure cannot be. The 
centers of pressure for all three sets of tails tend to be at the spanwise loca- 
tion of the mean aerodynamic chord and at 36 percent of the mean aerodynamic 
chord. The results of the noncircular aft-end tests indicate no significant 
effect of fin unporting on fin loads. 


INTRODUCTION 

The estimation of hinge moments for all-movable control surfaces is a dif- 
ficult task because of frequent nonlinear variations of hinge-moment coeffi- 
cients with control deflection and angle of attack {refs. 1 and 2) . It was 
postulated (refs. 3 and 4) that these nonlinearities are due to the influence 
of vortices generated by the body or forward surfaces and/or the unporting of 
the control surfaces at large deflections. 

An investigation of control- surf ace nonlinearities has been undertaken to 
provide a data base for missile panel loads from both pressure measurements and 
panel force- and moment-balance measurements on several tail planforms. The 
results of the pressure measurements are presented in reference 5, and the cur- 
rent paper presents a comparison of the panel force and moment measurements with 
integrated pressure loads, as well as with existing theoretical analysis. A 
limited investigation is also made to evaluate panel loads with a missile body 
that is shaped such that the panels do not unport when deflected. 

The experimental investigation to determine panel loads and center of 
pressure was conducted in the Langley Unitary Plan Wind Tunnel at Mach numbers 
from 1.60 to 3.70 and over an angle-of-attack range of -4° to 20° and a roll- 
angle range of 0° to 90°. 



SYMBOLS 


The aerodynamic coefficient data are referred to the body axis system, 
except for lift and drag, which are referred to the stability axis system. 

Both body axis and stability axis systems are fixed in the vertical-horizontal 
planes regardless of the model roll angle. The moment reference was located 
at 62.15 percent of the body length measured from the nose. 

A maximum cross-sectional area, m^ 

b exposed semispan of control surface, cm 


C A 


axial-force coefficient. 


Axial force 

<Jco A 


C BM 


control- surface root bending-moment coefficient, 


Bending moment 


'HM 


C N 

C NF 

c NFa 


drag coefficient. 


Drag 

<3oo A 


control- surface hinge-mcment coefficient. 


Hinge moment 

<*x> Ac r 


lift coefficient, 


Lift 

<3oo A 


pitching-moment coefficient. 


Pitching moment 
<3oo A Z 


normal-force coefficient. 


Normal force 

<Ioo A 


control- surface normal-force coefficient. 


Panel normal force 

<3co A 


control- surface normal- force slope near a = 0°, per deg 

P l ~ Poo 


pressure coefficient. 




exposed root chord of control surface, cm 
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C ' 


mean aerodynamic chord, cm 


l 

M 

P l 

Poo 

%> 

T A' T B' T C 

x/c 

x cp 

c r 


body length, cm 
free-stream Mach number 
local pressure. Pa 
free-stream static pressure. Pa 
free-stream dynamic pressure, Pa 
tail planforms (see fig. 1) 
fraction of local tail chord (see fig. B2) 

chordwise center-of-pressure location of tail in exposed root- 
chord lengths 


X HL 

hinge-line location of tail in exposed root-chord lengths 

c r 

X LE c leading edge of mean aerodynamic chord measured from root-chord 
leading edge, cm 


Vcp 

b 

¥c 

a 

6 


AC p 

<t> 

<t>f 


spanwise center-of-pressure location of tail in exposed span 
lengths 

spanwise location of mean aerodynamic chord 
angle of attack, deg 

pitch-control deflection (negative with leading edge down; two tails 
deflected for $ = 0° and 90°; four tails deflected for <jj = 45°) , 
deg 

Cp , L . S . ^p,U.S. 

model roll angle (positive clockwise when viewed from rear; $ = 0° 
when tail 1 is at upper vertical position (see fig. 1)), deg 

roll altitude of specific tail panel (positive clockwise when viewed 
from rear; tail 1 for 4>f < 90°; tail 2 for <j>f £ 90°) , deg 


Abbreviations; 


L.S. 


U.S 


lower surface (see fig. B1 ) 
upper surface (see fig. Bl) 



APPARATUS AND TESTS 


Tunnel 

The tests were conducted in both the low and high Mach number test sec- 
tions of the Langley Unitary Plan Wind Tunnel, which is a variable-pressure, 
continuous-flow facility. Asymmetric sliding-block nozzles permit a continuous 
variation in Mach number from about 1.5 to 2.9 in the low Mach number test sec- 
tion and from about 2.3 to 4.7 in the high Mach number test section. 


Model 

The configuration consisted of a wingless aft-tail cruciform control mis- 
sile model with three sets of interchangeable tail surfaces having identical 
root chords and span lengths. Details of the model are given in figure 1 and 
table I. The missile model was sting-mounted from the rear on the main model 
support system of the tunnel. 


Test Conditions 

The model was tested at the following conditions: 


Mach 

number 

Stagnation 

temperature, 

K 

Stagnation 

pressure. 

Pa 

Reynolds 
number , 
m - 1 

1 .60 

339 

54.6 

6.6 x 10 6 

2.36 

339 

75.7 

6.6 

3.70 

339 

152.7 

6.6 


The dewpoint temperature measured at stagnation pressure was maintained 
below 239 K to assure negligible condensation effects. In order to insure tur- 
bulent boundary layer, all tests were conducted with boundary-layer transition 
strips on the body 3.05 cm aft of the nose and 1.02 cm (measured streamwise) 
aft of the leading edges of the tails. At a Mach number of 1.60, the 0.16-cm- 
wide transition strips were composed of No. 60 sand sprinkled lightly; for the 
other two Mach numbers, the strips were composed of single-spaced No. 40 sand. 


Measurements and Corrections 

Aerodynamic forces and moments on the model were measured by means of a 
six-aomponent strain-gage balance which was housed within the model. Forces 
and moments on two adjacent tails (tails 1 and 2) were measured by means of 
three- component strain-gage balances in the tails. The model was rolled in 
order to provide <J>f variation for tail loads. Balance- chamber pressure 
was measured by means of a static-pressure orifice located within the balance 
cavity. 
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The angles of attack have been corrected for sting and balance deflection 
due to aerodynamic loads and for tunnel airflow misalinement. The axial-force 
coefficients have been adjusted to free-stream conditions acting over the 
model base. 


PRESENTATION OF RESULTS 

For the convenience of the reader, tabulated values of the aerodynamic 
characteristics a, C N , C A , C^,, C L , and C D for the configuration with 
the three sets of interchangeable tail surfaces are given in tables A1 to A9 
of appendix A. The longitudinal aerodynamic characteristics and control-panel 
data for the configuration with tail B employing a circular aft end or a flat- 
tened aft end are given in appendix B for M = 1.60. The control-panel loads 
and the resulting center-of -pressure locations for the circular aft-end configu- 
rations are presented in figures 2 to 20 as follows: 


Figure 


Effect of tail roll orientation on tail loads for T A at 6 = 0° . . . . 2 

Effect of tail deflection on tail loads for T A 3 

Effect of tail roll orientation on tail loads for T B at 5=0°.... 4 

Effect of tail deflection on tail loads for T B 5 

Effect of tail roll orientation on tail loads for Tj at 5 = 0° ... 6 

Effect of tail deflection on tail loads for Tq . . 7 

Comparison of balance-measured and pressure- integrated panel 

loads for T A at 6 = 0° and M = 1.60 8 

Comparison of balance-measured and pressure-integrated panel 

loads for T A at 6 = 0° and M = 2.36 9 

Comparison of balance-measured and pressure-integrated panel 

loads for T A at 6 = 0° and M=3.70 10 

Comparison of balance-measured and pressure-integrated center 

of pressure for T A at 6 = 0° and M=1.60 11 

Comparison of balance-measured and pressure-integrated center 

of pressure for T a at 6 = 0° and M=2.36 12 

Comparison of balance-measured and pressure-integrated center 

of pressure for T a at 6 = 0° and M=3.70 13 

Comparison of balance-measured and pressure-integrated panel 

loads for T A at 6 = -15° and M = 1.60 14 

Comparison of balance-measured and pressure-integrated panel 

loads for T A at 6 = -15° and M = 2.36 15 

Comparison of balance-measured and pressure-integrated panel 

loads for T A at 6 = -15° and M = 3.70 16 

Comparison of balance-measured and pressure-integrated center 

of pressure for T A at 6 = -15° and M = 1.60 17 

Comparison of balance-measured and pressure-integrated center 

of pressure for T A at 6 = -15° and M=2.36 18 

Comparison of balance-measured and pressure-integrated center 

of pressure for T A at 6 = -15° and M=3.70 19 

Comparison of experimental and theoretical control- surf ace 
normal-force slope and centers of pressure of horizontal 

panel at <|> = 0° and 6=0° 20 
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DISCUSSION 


The experimental tail loads for the three sets of tails are given in fig- 
ures 2 to 7. The loads for all of the tails are based on the same geometric 
characteristics. The effects of roll orientation on the tail loads are as might 
be expected. The lift on the windward tail tends to be quite linear with angle 
of attack, and the increment due to tail deflection is generally constant. The 
lift on the leeward tail is nonlinear, especially at the low Mach number, but 
becomes more linear with increasing Mach number (fig. 2) . The data for <|>f = 0° 
and <j>f = 180° do not coincide exactly and are especially noticeable at 
M = 1.60 for tails T A and T B . 

Comparison of the balance-measured loads and center of pressure of the 
present test and the pressure-integrated loads and center of pressure of refer- 
ence 5 is shown in figures 8 to 19. The comparisons are quite good; in fact, 
the areas of disagreement are limited to conditions of very small panel loads. 

In general, the center-of-pressure variation with angle of attack and deflec- 
tion is constant for the highly loaded windward tail. 

Comparisons of experimental and theoretical control- surf ace normal-force 
slope and center of pressure of the horizontal panel are shown in figure 20. 

The theoretical values were obtained from the method of reference 6. The 
experimental values for y C p/b and * C p/ c r are averages over the angle-of 
attack range. For all cases, %p a is predicted quite well, but the compar- 
ison of center of pressure is not so good. However, if a correlation based on 
y£ is used as the spanwise location and 0.36c is used as the longitudinal 
location, good agreement can be obtained. 


CONCLUDING REMARKS 

A study of the forces and moments on the cruciform aft-tail control sur- 
faces of a wingless missile model was made to determine the variation of panel 
loads and center of pressure with angle of attack, tail deflection, model roll, 
and Mach number. The results indicate very little variation in center of pres- 
sure for the highly loaded windward tail. Also equally good results can be 
obtained with force or pressure measurements as shown by the comparisons. The 
normal-force slope can be predicted quite well using linear-theory methods, but 
the location of center of pressure cannot be. However, if the spanwise location 
of the mean aerodynamic chord is used as the spanwise center-of-pressure loca- 
tion and if 36 percent of the mean aerodynamic chord is used as the longitudinal 
center-of-pressure location, good estimates of the center-of-pressure location 
can be made. The results of the noncircular aft-end test indicate no signifi- 
cant effect of fin unporting on fin loads. 


Langley Research Center 

National Aeronautics and Space Administration 
Hampton, VA 23665 
March 27, 1980 
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APPENDIX A 


LONGITUDINAL AERODYNAMIC CHARACTERISTICS 

The longitudinal aerodynamic characteristics for the configuration with 
the three sets of interchangeable control surfaces are given in tables A1 to A9 
The characteristics are referred to the body axis system, except for lift and 
drag, which are referred to the stability axis system. Both body axis and sta- 
bility axis systems are fixed in the vertical-horizontal plane regardless of 
the model roll angle. 
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APPENDIX A 


TABLE A1 LONGITUDINAL AERODYNAMIC CHARACTERISTICS FOR CONFIGURATION 

WITH TAIL A FOR M = 1 . 60 


<>-. 0,6 = 0 


* ' I 


a mi - 

EMigiwaaKlB ESI 


c fl 

c c. 

m L 


a, deg 

Hfl 

1.1534 

.1645 

-1 .3875 


-3-64 

-1 .4156 

■wnaiWii.ui.1 1 

-■6916 


-.6525 

1.1721 

imiiui 

■ni;wr 

1 1-1724 

111 Ml II 

-1682 


2.4270 1-1641 


3 - 1496 1-1514 


3-9088 1-1377 


4-7041 1-1197 




■BK 

I fci«a8iM5teMKlW?lli]iiiiiii.i 

■aiib!l«Kii;iiwiiiiaJ11^M 


■ 80211 

mmsi 

■Ml 

1 .5599 


1 -4227 

2.9517 

1 -5915 

3-6449 

■BiiHl 

4-3594 

wasm 

HUMES! 

5.8102 

7-2176 

1 3.7934 


0=22-5,6=0 


C„ 


SMI 


' 3 - I - '1 r * ; 


1.1612 


2.5239 1-1527 


3-2627 1-1392 


-1 -3402 


wsgm , || 

B M 

BiMH— TO 

jawrwaBgproBUliwiEi 

B 1 1 W an 1 1 111 EH I 


ten 


4-8490 


6-4623 


8-0917 


umiei 


-.4014 4.5029 


-.3178 5-9071 


Mtimil 

■aEiEEil 


0=45-0,6=0 


0=67. 5, 6=C 


-.65861 1 .15791 

MMi.i.l 

-.6262 

• 1353 

1.1720 

-.0155 

• 1282 

.9842 

1.1657 

-.1162 

.9330 

1 .7454 

1.1539 

Uillil 

1 .6511 

2.5196 

1.1454 

1 - -2752I 

2-3765 


Mi -11 

nul 

— aiwi l 

■ gSl 


4.0543 1.1051 


4-8322 




HOIElM 

EEMI^hI 


-.3973 


-.3037 


•9979 -.1385 7-2703 3-7717 


■1179 1-1676 


■ 7057 


•4775 1.1541 


16201-1 -36251 1 .2271 


1.1787 


1110 1 .1683 


•9044 1 .2071 


Imarei 

■Hi 


na:).iHILI.LBwailn— B :li» 


3-7348 


3124 5-9073 2.8397 


7.3071 3.7921 




-1 -4192 

1.1533 

HUl 

-1-3424 

1 .2417 

-.6663 

■■aiilfiB 

-.6315 

■H:liS! 

.1422 1-1697 

-.0176 

.1356 

1.1705 

•8990 1.1713 

— liLlil 

• 8516 

■IBilia 

■ifcbfcW 

aiHM 3311 

1 .5588 

2-4073 

1-1726 

U.lil 

2-2648 

3.1926 

HIM 

-.3127 

■JfcbMilWElKi] 

3-9368 

-.3511 

3-6663 

BUSsKisIi] 

4.6717 

minpacB 



lg I 91 1 | " 


7.2015 


raamnil 


-.79 -3-5434 


-23 -3-20021 1 .7943 


-2-5214 


-4-4205 

2.32941 

-3.8364 

jgtMifcl 


iMMIIMrbTii nBelRriKnMMMJ 
STOil»Waibli Ml.lfci. Kil;hW5lMiBM;ll 

■b 1 1 1 iti nmm ii i im 1 1 ml 


-1-1584 


Inami 


■ 3810 


1 -2394 1 - 1623 


3-1873 


• 6436 1 .3456 




1 -7537 


0=45-0.6 


-5-7373 2.6347 


BwiHiM mm 

; mi BiUi Bafclp-H rail'Ki;! 


42 -4.3840 


-3-6456 


MiBBM l 


■H! 

liiMMW] 


4-4013 


■ 8139 -3-7349 


.7325 -3-0605 1-8141 


-2.4522 


8700 1.6606 -6123 -1 - 1557 


-.0953 1 .5127 .5930 -.4181 


1-5859 1-2401 .6680 1-1712 


3-6032 


ffiSjugn 

■■roKljl 

hhi bkb! 




































































































































































APPENDIX A 


TABLE A2 LONGITUDINAL AERODYNAMIC CHARACTERISTICS FOR CONFIGURATION 

WITH TAIL A FOR M = 2.36 


0 ) = 0 °. 6 = 0 


<t> = 22.5°,6=Cf > 


C L C D 










C N 




c , 

C D 

-1.1023 


-.5878 

• 7812 

-.0955 

■ 7551 

l » l li li IMH 1 1 1 

.9331 

Mt.IJ.lll 

■Witetel 

1 -4954 

2,1104 

2-8203 


3-5899 

5-1639 

2.32941 

6.7214 

IsM-EB 




































































































































































































































































































































APPENDIX A 


TABLE A4 LONGITUDINAL AERODYNAMIC CHARACTERISTICS FOR CONFIGURATION 

WITH TAIL B FOR M = 1 . 60 


o = Or. <5 = Or 


0=22.5,6=0 


-1 .3130 


-.6285 


■ 0464 


1.3858 1-0751 


2.0774 


I Hmsi 

IFB EI 

iianai 

mm 


3.5133 


4.2993 


7.6372 


■ 13101 -1 .23821 1-1530 
-.5934 1-0997 
■ 0435 1 -0883 
6529 1-1114 
1 -3042 1-1727 
1-3515 1-2808 
25 1 91 2.61831 1 -4363 
1 .6318 
I 3-9901 1 1 -8958 
5-45651 2 -6127 
■ 5302 


■■ui.-ftiimmi 

BEElMiIiMsl— iliUill 
MWHiHl 

■■■natfill-m.I.Ul 

mBireimuiciaM 



WfeWalBHamiiEBHl 


-1 .18331 1.1414 


1 -0977 


liBIilal 


1.1151 


-.1446 1 .3231 1.1712 


1 .2734 


HBBWJitKIMBfcbM;! 


-.3031 3-37471 1 -6194 


-.3275 4.08671 1 -8721 


0=45-0,6=0 


0=67.5,6=0 




1201 -1 - 1487 1.1234 






■HEM 

I H& 1 

Migan 


2-8779 


3-6159 


4-4072 


I 

iiaiElMifcl!imilJ.« 


1 .4272 




7.6930 


1 -3447 1.1621 


gMCBBWSEKH 

— !II«B 

Braaaag 
MiBaM 
■HEfifrj 


2-7034 


3.3841 


5.5478 


I -1 -22301 1 .05521 -1214 -1 -1576 1 -1330 


-.56131.0751 . 


a—iHai Mii.ii.«i iii mmm 1 1 imii 1 1 1 




iroiga 


3-5993 


1 .4191 




-.3214 


! 7-7054 


0=90.0 ,6=0 


0 = 0°, 6 = - 1 5° 


lMailB>BM:MMtllia.T 


;Twiifian1il.liL 

Bmj 


.1251 -1 - 1853 1 - 1456 


-.5550 


1 .4126 


aranMiimiitMii 


-.1436 1.3299 1.1745 


wiEIil 


esaai 


Wilt till 


2.83651 1.0515! -.2557 2-6571 1-4461 


3-5539 1-0345 -.2901 3-3143 1-6481 


4-3234 1 .0177 -.3104 4-0101 


6-0029 .9976 -.2375 5-4852 


7-7025 -9703 -.0745 6.892613-5724 






4.2476 1 


-3-6052 


2-9295 


2-2697 1 


1 .6745 1 


1 -0087 1 


-.2771 


4684 1 


1 .2586 1 


3-0134 


-7351-4 - 1 152 






5247 .5384 -2-3259 1.4375 


4574 -4838 -1 -7757 1 -3322 


3812 .4282 -1.1508 1.2652 


■3778 -.4576 1.2362 


2513 1 .2532 


0739 .3120 1-0045 1-3147 


2.6575 1 -6563 


5074 4-3615 2.2749 


■KPSMI 


6 = 45-0°, 6 = -la 


-5-4598 


i—a.mi!inaiiMiiiiiM 


-5-2891 


■ 27 -4-1924 2 - L731 


-2-7572 1-8697 

■biiJrZ:] 

-2 

-2-1012 1-7401 


-1-4426 1-6232 

.6157 

-1 


ItMflMiKWtBI 


8738 -4.2026 2.1533 


7873 -3.5488 


laaiBi 


-.7231 


D338 1 .3626 


1 .5867 1-1307 


3-3777 


■iUil.lIJiHil 


9775 1 -3376 



2565 

CO 

CO; 

CO 

1 - 

2064 























































































































APPENDIX A 


TABLE A5 LONGITUDINAL AERODYNAMIC CHARACTERISTICS FOR CONFIGURATION 

WITH TAIL B FOR M = 2.36 


o = 0' .6 = 0' 


** I 

IWiMI 


IKKEI 


iBBlril 


■Tionn 
ranniiiiiiLi 

"MlYJM 

■M BiM 

IT.liUlWiaiTg 


-1 .0131 


-.4963 -7494 


-.0189 


•4528 -7393 


.8968 


1.3937 


1 -9276 


2.4486 


3.0128 


Ham! 




-.9572 


-.4690 


-.0174 


.4296 


.8482 


1 -3165 


-.06131 1-8163 


M.Milil l 

lliLl.I.l l 

lEIHl l 

liLklll l 

liH.I.ll 

roSI 

ILIlkll 


2-3011 1,1329 


2-8231 1 .2995 


E9EDI 

BGI 

HI 


-.9925 


-.4854 


© = 22.5 ,6 = 0' 


C P 


.7561 


■ 7453 


-.9382 


-.4589 


eeehi 


■■HHnKir-sgi 

»EEEl»kll JJ HIimM 

I’* b |bi mmm 

Harr ■ i n« ■ 


• 4587 


• 9129 


1 .4078 


1 -9354 


2.5268 .7503 


-.0273 .7372 


• 8751 


1.82501 -9872 


7574 

MuMil 

3-8572 

HUES 

■■BEEI 

4 .32001 

■ 7369 

L=c 

7419 

H.1553 

4.9120 

2,2338 

■kkisi 

5-5483 

.73621 .1 


reiil 


1-1425 


1 .3136 


1 .7558 


2-3271 


©=45-0 ,6=0 


©=67-5,6=0 


.7634 


.7375 .0011 -.03191 .7376 


.4187 .7509 


1-4901 .7438 


[§91 

SMiiaanBH llilii.lM.Uilil 

K M 

Balia 


4-5650 .7504 


6.0422 


raaini 


2 1 .8972i 

■Wiiiiaa 

B 2.4654 

[ 1,1704 

sjKHlKKIIBRei3223 

5 4.2282 

P 

r- 

03 

0 5-5065 

mssm 


-1 .0228 


sOuDI 


2-1028 


■■BKblMihaiaBiuMKniRli 


■Ml 

Swiiinial 


0613 1-4290 


1 .9805 1 -0353 


2-5730 1-2111 


3.1973 


1123 4-5153 


2205 5-9531 


©=90-0,6=0 


-1.0332 -7530 


• 7414 


-.0318 -7356 


fiHM;l M fil.liB MBfcBl 

IRrjSHfMB] Ill'll HIM 


■ 7357 


.9858 -7483 -.0433 .9316 .8147 


1-4591 -9173 


I 1-54681 -7603 


• 7722 


jiMjuy 

■MfcWaiil.I.LIIil.liJ;!— 
MlltliiMK»irjillMrJ03MrJim«llMfcMi;Hi)eitM| 


.7753 -.0318 2-6166 


•7750 -0194 3-2704 


fiTSKlWiEgUl 

BB2 ; 1 

[»W[D?Hl 


PH 

EB KHBgEaMEP 


1 -2967 


-3892 -1-7652 1-1552 


1-3124 1 -1115 .3733 -1.3621 


.9618 


BalEM 

§1 

. __ ■niaw 

KjKgMEHiHMEflK 


■ 9218 


.4372 1.7721 1.1123 


2-9782 1 -4474 


© = 45 - 0 , 6 = -l 5 


-3-8815 




ililf iliM;Hai:iciW.l.l!lill 


1.13 -2.5725 


-2.1073 


in^i 


lilmail 


HBj 

aagaiamiHii 


-3-3844 


-3.1644 


-2-9201 


■ 5673 


I .5472 -2.4044 


• 5241 


■«euew I 

laWiKifcl 

SPSHM 


-1 .0100 

MKUEM 

■ 5104 


1 5-21551 

.5158 

.1546 

IKMHIUH 

■iBiBfcfcl 

.5458 

1 -5258 

• 6477 

2.8905 

iiBaiUtlMH^l 


Pfa:ia:iB©fia:l:^ l 

wmmm 
1 

■ gpEREI 
EB|pp]| 
I pro al 
Imwih I 
teESpJ 


1 -3210 





























































































































































APPENDIX A 


TABLE A6 LONGITUDINAL AERODYNAMIC CHARACTERISTICS FOR CONFIGURATION 

WITH TAIL B FOR M = 3.70 


® = 0°, 6 = Cf 

a, deg 

C N 

C fi 

c 

m 

C |_ 

S 

-3.87 

-.7124 

.5182 

-.0220 

-.6758 

• 5651 

-2.04 

-.3628 

■ 5108 

-.01.15 

-.3443 

• 5234 

-.15 

-.0313 

.5087 

-.00.10 

-.0300 

• 5088 

1 .66 

.2874 

-5082 

.0096 

.2725 

.5164 

3.52 

.6495 

' .5139 

.0208 

.6167 

.5529 

5.35 

1 .0549 

■ 5241 

■ 0385 

1 .0014 

.6203 

7-13 

1 -5229 

.5310 

.0626 

1 -4451 

• 7160 

8-85 

2.0265 

• 5413 

.0917 

1 .9191 

.8467 

10.56 

2.5456 

■ 5564 

.1231 

2.4004 

1 .0138 

14.02 

3.6344 

■ 6092 

• 1866 

3.3784 

1 -4720 

17.42 

4-8297 

.6675 

-2510 

4-4080 

2-0833 


6=22-5°, 6 = 0° 

a, deg 

C N 

C R 

c 

m 

C L 

c o 

-3.93 

-.7254 

.5118 

-.0200 

-.6886 

■ 5603 

-2-01 

-.3545 

■ 5073 

-.0094 

-.3365 

■ 5194 

-.24 

-.0312 

■ 5042 

-.0012 

-.0291 

■ 5043 

1 -67 

• 3104 

.5039 

.0089 

.2955 

• 5127 

3.50 

■ 6609 

• 5075 

-0209 

.6286 

• 5469 

5-36 

1 -0747 

• 5121 

• 0376 

1 .0221 

• 6104 

7-17 

1 -5570 

■ 5173 

.0620 

1 .4802 

-7078 

8.95 

2-0730 

.5299 

• 0924 

1 .9652 

■ 8463 

10-69 

2-5918 

■ 5446 

• 1237 

2-4458 

1 -0161 

14-17 

3-7001 

■ 5939 

■ 1866 

3-4420 

1 .4821 

17-66 

4-9732 

.6610 

■ 2440 

4.5380 

2.1392 


6 = 45-0° 6 = Cf 

a, deg 

S 

C R 

c 

m 

C L 

C D 

-4-10 

-.7530 

■ 5128 

-.0210 

-.7.143 

.5654 

-2.24 

-.3892 

.5072 

-.010.1 

-.3691 

.5221 

-.33 

-.0425 

.5042 

-.0011 

-.0396 

.5044 

1 .64 

.3063 

■ 5064 

• 0097 

• 2917 

• 5149 

3-52 

.6787 

■ 5070 

• 0213 

• 6462 

• 5478 

5-45 

1-1133 

.5117 

■ 0391 

1 -0596 

■ 6153 

7-32 

1 .6117 

.5215 

.0656 

1 -5321 

.7226 

9. '19 

2-1380 

.5367 

-1012 

2- 0247 

■ 8715 

11 .04 

2-6896 

.5557 

.1354 

2-5334 

1 .0605 

14.70 

3-8827 

• 6175 

.1995 

3.5988 

1 .5829 

18-41 

5-2791 

■ 6941 

• 2596 

4-7895 

2-3263 


6 = 67-5° 6 = 0° 

a, deg 

C N 

C R 

c 

m 

C L 

S 

-4.23 

-.7846 

.5145 

-.0229 

-.7.445 

• 5710 

-2.25 

-.3995 

.5081 

-.0111 

-.3792 

.5234 

-.27 

-.0421 

.5050 

-.0012 

-.0397 

■ 5052 

1 -73 

■ 3192 

.5069 

■ 0094 

.3037 

■ 5164 

3-69 

■ 6993 

.51 13 

.0222 

• 6650 

■ 5552 

5.66 

1 .1472 

.5180 

.0407 

1,0905 

■ 6287 

7-63 

1 .6802 

.5260 

• 0708 

1,5955 

■ 7445 

9.58 

2.2408 

.5408 

.1063 

2,1194 

.9066 

11.54 

2-8397 

.5621 

■ 1426 

2-6697 

1.1192 

15-47 

4.1501 

• 6276 

■ 2111 

3.8322 

1 .7121 

19-37 

5-6553 

• 7112 

.2742 

5.0390 

2.5471 


6 = 90.0°, .6 = 0° 

a, deg 

C N 

C R 

c 

m 

C L 

C D 

-4.24 

-.8007 

.5182 

-.0269 

-.7601 

• 5760 

-2.25 

-.4207 

.5100 

-.0137 

-.4002 

■ 5262 

-1.19 

-.2254 

• 5087 

-.0078 

-.2147 

• 5133 

-.19 

-.0532 

■ 5077 

-.0022 

-.0515 

■ 5079 

1 .78 

• 2979 

.5101 

■ 0098 

■ 2819 

■ 5192 

3-84 

• 7072 

.5190 

• 0247 

■ 6708 

■ 5653 

5-77 

1.1384 

• 5329 

• 0441 

1 -0730 

• 6447 

7-77 

1 -6950 

.5426 

■ 0730 

1,6060 

■ 7669 

9-81 

2-2965 

.5587 

.1108 

2,1677 

• 9421 

11.78 

2.8958 

.5845 

.1476 

2.7154 

1.1636 

15-83 

4-2542 

.6535 

■ 2217 

3-9143 

1 .7897 


<t> = 0°, 6 = - 1 5° 

a, deg 

C N 

C R 

c 

m 

C l 

C D 

-4.36 

-2.2381 

1 .0643 

.2714 

-2-1506 

1 .2315 

-2-44 

-1 -8211 

' -9842 

• 2754 

-1,7775 

1 -0608 

-.61 

-1 -4380 

■ 9030 

■ 2720 

-1 .4281 

• 9185 

1 -25 

-1 -0518 

.8279 

■ 2702 

-1,0697 

■ 8047 

3-15 

-.6564 

• 7606 

• 2735 

-.6973 

• 7233 

4.98 

-.2333 

• 7005 

■ 2830 

-.2932 

.6776 

6-76 

.2505 

■ 6403 

■ 2991 

.1734 

• 6654 

8.49 

• 7795 

• 5858 

• 3211 

■ 6844 

.6945 

10-21 

■ 1 -2503 

■ 5652 

■ 3605 

1.1302 

.7780 

13.62 

2.1588 

.5617 

-4575 

1 .9658 

1 -0543 

16.36 

3.1130 

■ 5682 

■ 5659 

2-81.16 

1 .4520 


<6 = 45-0°, i5 = -15° 

a, deg 

C N 

C R 

1 c 

m 

C L 

C D 

-4-54 

-2-8424 

7.5060 

• 392.1 

-2.2387 

7-7076 

-2-59 

-2-4179 

7-3997 

• 3943 

-2.0803 

7-5015 

-.61 

-2.0001 

7-2812 

■ 3912 

-1 -9215 

7.3024 

1 -30 

-1 .6076 

7-1817 

.3873 

-1 .77.12 

7.1431 

3-23 

-1-1757 

7-0723 

■ 3860 

-1 .5729 

6.9947 

5.14 

-.6921 

6.9718 

.3887 

-1 .3146 

6.8817 

7-02 

-.2134 

6-8941 

• 41.19 

-1,0546 

6.8163 

8-91 

.2865 

6-8430 

.4519 

-•7.7.68 

6.8048 

10.73 

■ 7680 

6-8090 

.4955 

-.5131 

6.8329 

14-42 

1 -7679 

6-7741 

■ 5969 

■ 0251 

7.0010 

18-05 

2.8507 

6-7707 

■ 7.123 

■ 6115 

7.3208 
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APPENDIX A 


TABLE A7 LONGITUDINAL AERODYNAMIC CHARACTERISTICS FOR CONFIGURATION 

WITH TAIL C FOR M = 1 . 60 


0 = 0 , 6=0 


0=22. 5, 6=C 


IB ■ I 


1-1467 


-.5934 


E»BiMBiiiteTa:]BWiBtglgWi>.Uil 
lBE B : l!»l!llliWa™HI 
_ W-Ll.LllliJlU 

lBliBiUIMiWa!IIBWJ3 JH BBB1.II 

IBIfJliW.-WI.lll.il. UUIiMil l lhl 


IBWHIBI 

■BME 

BlliMil 
BBdifcbl 

wmsem 

pgBlul:! 

■KWl 


1 .53151 

1 

■ 1211 

1 

• 7207 

2 

.3175 

2 

-9336 

3 

• 5564 

4 

■ 9669 


1 1EE HiianMiinMiLHiBBil.l.Hli!B|| 
MBWiMriri BiEftfc' l;W^BgiljkMl 

SBIiIiIiI.I— I.IUM ir.llHllBBdi*l 


-.5135 


.0722 


.6741 


1 -2963 


1 .3367 


2.6030 ■ 


3.2648 .9556 -.1942 3.0266 1-5523 


3iHt]BW3ii:ra | 


5-1076 


.2053 6.67011 3-6123 


0=45-0 ,6=0 


-.4614 




-.4328 


.1313 


■ 6372 


1135 .27031-207 


Mlilailil 


1 .0321 


1.3578 


1.3550 1.0132 -.1138 1.-2675 1-1207 


2.0011 .997.6 --1584 1-8691 


• 9821 -.18471 2,4532 


-.1959 


2.63691 


3-3134 


4-0943 


ingfEDi 

iosssl 


fcgiMifcl 


1 .5742 


1942 3-7.702 


5-1111! 2-5967 


0=67-5,6=0 


S 


-1 -0150 


-.4298 


■1686 1 -0353 -. 


■ 7612 1 -0321 -. 


1 .3856 


-.9513 1 .0706 


BmibbT BIiI I lilB H lil'l IIWiI 1 1 11 

HHil — EiaaBnKMal 

BLiL=^BHnE30EBBBI 

nnwiiiixiiu.lilBl 


2.6575 


5-6590 

• 

5MIB 

7.5451 

• 8797 


-.1171 1 .2944 1.1331 


1 .87.81 1 .2430 


-.1854 2-4684 1 -397.1 


-.1942 3.0742 1 .5963 


-.1844 


5-1057 


taBWESHl 


0 = 90-0 ,6 = 0. 


-1 .03041 1 .0167 ' 
-.4192 1-0261 " 
.15601 1 -0353 
1 -0309" 




nMiMil 


l-0285~--1158 | 1 -2824 1 1 -1395 
1.0285 -.1172 1-3012 1-1412 

2.02261 1-0252 -.1575 1,8846 1-2612 

1 .0166 -.1823 2,4762 1 -4217 

1 .0085 -.1914 3-0800 1 -6346 

3-99791 1 -0033 -.170.7 3-6598 

1 .03551 - -0.1381 4557 


maifiMl 


3.3804 1 -5847 


-2.8952 


-2-3976 1 .4675 


-1 -8841 


■unm 

iglKMcfcfcM 

■■ BM-KI 

■BslfcfciU.L-TJI 


7637 1 .2964 


-.1306 


• 53811 1-13281 


1 -2498 


2.8490 


5553 -3-27.04 


.5543 


• 5314 -2.8391 


.4954 -2,3965 1 -4693 


•4581-1,9312 1 .3457 


.4219 -1 .4325 


-.8939 1,2103 




bihkI 


iMililifc 


■3316 .3341 


; .3252 1,0069 1-2773 


4158 2.5037 


jBianaal 


<t> = 45-0, 6 = -15 


4-3660 2-0411 


-3.9081 


-3.3839 


■flaan i 

■W.I.II.I— fcj.liM 


-4-2358 




-3-40.19 


2.82381 1-7692 -6616 -2-8997 1-6418 


I -2-2689 1-6755 -620.1 -2,3351 


1 .7107 1 -5931 


1.1294 1 -5021 


4940 1 .3924 


1939 1 .2779 


.8969 1.1739 


sees 


llHiblal 


-.7407 1-2784 




.5730 

1 .3617 

1,1928 

1 -4977 



































































































































-.9573 


-.4714 


-.0533 


■ 3891 


;iiTi] 1ireTil —M—i 
aBBaas- iimaa 

BH 


■ 7391 


• 7443 


.7557 -.1119 


-.4416 

• 7590 

-.0504 

.7370 

■ 3654 

.751 1 


■7632 -.1343 1-7942 


5Ti^TT.miU I 
DOSS I 


IB™!:] 

liaiM 



■ 7639 1 

-.1364 

2-3728 

1-1987 



• 7582 

-.1177 

3.0155 

■ IIH III ini 

4-7702 

■ 7474 

liMSIl 

4.3616 2-0711 

!■ ■■Ill'll 

■ ■eebi 

6-5007 

■KESiBEMI]i 

5-8104 3-0111 


-.5107 


-.0708 


• 3590 


.8207 


1.-3385 


W3m 


4-7.459 


6-4485 




1 1lLI.ll 

i iiiii.ii 

B iimn 

il litOJ 

mam 


JBZMIl 


ESS I 


KDBI 


WsSM 

l.l.lllll l 

lU.lll 


-3372 


■ 7707 


1 .2562 


-.1296 1-7561 


-.1326 2.36251 1-1762 


2.9949 


-.07511 4-3461 


5-7698 


(■=45.0,6 = 0 


6 = 67-5,6 = 0' 


-.9848 


■jiiLiiicH KHia—wam 

1iB»illilBBgi:||1Sl!a 

_ 

lumwBgBilfMIMWiB 


-.0918 -7419 


.3424 .7419 


■ 7891 


1,30021 .7474 


1 -8388 


5-7576 


msehsiI 


-1.0074 -7495 


.7464 




-.9443 


MkJEfii 

■MBiHl 

■»«3il 

■aiian 


1iUI.|il ^wj.in.i MEI-Sia 

Miiiir.u— 

m'l.iiiiiu.i.i neTiTira tiara 

.iii.niij.iieiiii.i.u i^HiaMBlTn 
I | ■naiiaipRM 

m ;BfcH 


-.09871 .7437 


■ 3211 


1,2873 


6-3884 


5.7158 


6 = 90.0°, 6 = 0° 


Baaaiii.ti.i l 

■US 

■ sB;WgsMiMn.l.UHIitl.l 
I— —— Bf Jrijg ■ 

■nwiMHiU HS lB 

■ ■■ IBISJI BIl-.’- 
■laHSMJl frWrairfc frillliT.f.V 
■fliBrfillKPIiglll.lJJlikriU 


I EKE 

BSgl 
:hbhph?e 


jBHSUKlI 


-.9266 


-.4897 .7717 


wraira i 


.3239 


.7763 


1 .2392 


.13211 1.7483 


ggSIil 


.13371 2.3164 


I.LLil 
■wniai 
«tiaci 
5EiEMHg£E 

mtmt m 


4.3039 


5-7525 


-2-1382 1 .2129 


imBu 

■ME 

liiaiiii 

IlljSl 


-1 .3330 


-.8919 


-.3959 


! -1817 


• 8556 


• 5163 -2.4339 1 -4611 


1.2977 


1 -7338 1.1549 


H.I.U 111 1 1 1 IH'I HI IBII'H 1 1 


3.2621 


4.9646 


' B3SK RtSlb EKEEE I 


.36111 4.4685 


6=45 .0 , 6 


-3.2687 1 .7442 


-2.8687 1 .6752 


37 -2-480.1 1 .5945 


I -2.0628 


-1 .6203 


-1,0894 1 -2720 


-.551.1 


• 0981 


.7918 


2,3150 


3-97.74 


3-1227 


-2.7955 1 .7947 


m i.lXUP5Bl>M»Hn^] | 
bwcBirial.LliliJBfiiirmBBdAMl 

wssmm 





































































































































































APPENDIX A 


TABLE A9 LONGITUDINAL AERODYNAMIC CHARACTERISTICS FOR CONFIGURATION 

WITH TAIL C AT M = 3.70 


0 = 22-5°, 6 = Cf 

a, deg 

mm 

mm 

HB 


mm 


-.7185 

.5455 

miiBi 

-.6761 

l.iili 




■FiES] 

-.3436 

■ 5517 


-.0293 

KElitii 

■Kill’ll 

-.0276 

1.1BE1 

■KH 

■ 3134 

.5331 

snag 

• 2959 

I.Uilil 

5[f 


■Wsj'M 

— Illl.lll 

■ 6323 

msm 

hkki 

1 -0850 

■13:1:11] 

HEB00 

1 -0235 

■LUEB 

m 

1 -5954 

MBSm 

HO 

1 .5044 

-7595 

■nmui 

2-1424 

1.UJ.I 


2-0128 

■urn 

IF-BP] 

2-7274 

.5716 

■EEEE 

2-5463 


iMwa 

4-0101 

.6267 

IlH.LI 

3-6739 

1 -7251 

Ihmm 

5-5133 

Hil.lil 

■BUB 

1 

| 



0 = 0°, 6 = 0° 

a, deg 

C N 


mm 

C L 

C D 

esn 

-.7388 


mm 

-.6945 


BsKI£ 

-.3629 

l.il.1.1 

liliETJ 

-.3405 

• 5511 

KKk 

-.0443 

■Utlslil 

■BWI 

-.0412 

a l m 

■Mi 

.2919 

■sms 

IgfiCBl 

-2760 

■nwaa 

■■rill 

-6557 

■aim 

ItTiSEl 

■ 6192 

HrUlil 

■Kflri: 

1 .0794 

■I 

HIES 


■»! 

■■:!!! 

1 .5963 

1WIH! 

1ilil.il! 

1 -5057 

m 

■RII 

2.1587, 


liliHH 

2.0292 

■EHH 

iiRy 


.5874 

■LilLJil 

2.5695 

1-1455 

■Mill 

3.9971 

1.1IU.I 

■ 0145 

3-6618 

1 .7265 

■*. w* 

5.4963 

mni 

.0114 

4.9104 



0 = 67. 5°, 6 = 0° 

a, deg 

mm 


Mm 

C L 

mm 

-4.50 

-.7718 

.5515 

IlH-ill 

-.7261 

.6104 

-2,46 


■ 5417 

lililll:! 

-.3706 

.5582 

-.42 



lililM 

-.0623 

■fcfci:!:] 

1 .60 



IFirJi] 

■ 2500 

Haitefcl 

3.64 



1ilil.il 

.5929 

iWWJH 

5.69 

1 .0480 

.5475 

liliklil 

■ 9885 

.6487 

7,76 

1 -5535 

.5533 

liTFia 

1.4645 


9.82 



IFiiail 

1.9798 

• 9126 

1.1 .89 

2-6886 

.5793 

.0111 

2.5114 

1.1212 

16-05 

3.9673 

■ 6335 

.0186 

3-6373 

1 .7061 

20.22 

5-4669 

• 7136 

-0090 

4.8830 

2-5598 


0=45-0° 6 = 0° 

a,. deg 

mm 


c 

m 

C L 

C D 

■mi 


■Lilli] 

.0108 

-.6944 

.6020 



■ 5429 

.0037 

-.3453 

.5569 

■9£g 


Hastia 

-.0000 

-.0426 

.5386 

—ill 

MSS! 

■ 5355 

-.0029 

■ 2720 

.5444 

igsia 

.6501 

■ 5349 

-.0072 

■ 6127 

• 5774 



Hplp 

-.0088 

1.0095 

.6469 

■rRM 



-.0038 

1 .4894 

• 7595 

■mum 


■l-s 

.0069 

1 .9842 

• 9191 

■Mini 


i.i.iiiii 

.0150 

2.5161 

1 .1327 


3.9898 

l.il.lll 

■ 0193 

3-6519 

1 -7289 

KiBill 



.0033 

4.9120 

2-5910 


$ = 90. 0° 6 = 0° 

Cl, deg 


c n 

mm 

C L 


-4-50 


• 5525 

.0113 

IB 

■ 6126 

-2-46 

-.4128 

■ 5426 

llllli 

ftawsBin 

• 5599 

-.42 


.5394 

minis 

-.0739 

I.IM 1 I 1 I 

1 -60 



lilifeb! 


• 5447 

3.65 


■ 5456 

IiIiWc 


l.l.iil 

5-70 


• 5547 

Hi!i!:lr, 

■ 9785 

.6552 

7.75 


• 5632 

lima: 


U.I.LI 

9.82 

2.1183 

■ 5724 

-.0019 

1 .9895 

.9256 

11.89 


.5963 

lilil.I.I 



16-05 

3.9566 

• 6544 

.0173 

3.6212 

1 .7233 

20.24 

5-4334 

■ 7212 

HIKE 

4-8484 



$ = 0°, 6 = - 1 5° 

a, deg 

mm 

mm 

mm 

C L 

mm 

-4.40 


11111.1:1 

• 3438 

-1 .8859 

1.1643 

-2,37 

-1 -5870 

.9370 

■ 3324 

-1 .5468 

■null:] 



I.I.Uhl 

■Ml.il 

-1 -2040 


1,69 

-.8495 

.7958 

■tlilfcl 

-.8727 


—fte 


lilJil 

MMilill 


IriiliH 

5-78 

-.0038 

■BEH 

■ 2810 

-.0713 

■ewe 

7-83 

.5632 

1 

.2721 

■ 4757 

.6747 

HEIIl 


lawn 

IJ 1 I.I 1 I 


u.rri] 

RH 


.5547 

HiliHl 

1 -4894 

HEHI1 

■ERE 


—.ki.l 

■mm 

2.4574 

WBi:li|:l 

MiRM 


mmsi 

HJ 1 I .1 

3-5349 

iHbliHi] 


$ = 45-0°, 6 = -15° 

a, deg 

C N 

C R 

mm 

C L 

C D 

BBE 

-2-4079 

1 .3879 

.4756 

-2-2973 

■mail 

BBS 

-2.0202 

1 .3019 

• 4627 

-1 -9674 

■KEDffl 

H 

-1 .6473 

1 .2049 

■ 4453 

-1 -6427 

1.2111 

■KB 

-1 .2728 

■■MiM:] 

• 4283 

-1 .3072 

MME 

;SiiIlH 

■■.kill. 





5.90 

■RMS, 




l.l.kiil 

7.96 

— ikUIi 

■ 8403 

.4006 

-.0232 

■ 8453 

■liliB 

HEliiil 


■RISE 


KiTllI 

■Mill:] 

1.1258 


WKRV, 

• 9392 

HKIIII1 

■MfcM 

2-2024 





HiMili] 

3.4576 


• 5534 

2-9796 

■KM*] 
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APPENDIX B 


EFFECT OF A FLATTENED AFT END 

It was thought that if the deflected control surface could remain in con- 
tact with the body, then the high-pressure air below the surface would not bleed 
over onto the upper surface, and thus the characteristics of the tail surface 
could be improved. Simple fairing pieces were added to the aft end of the cir- 
cular configuration to obtain the flattened aft end. The details of the fairing 
pieces and the resulting aft end, which allowed tail B to be in contact with the 
body up to 15° tail deflection, are shown in figure B1 . 

Figure B2 shows a typical comparison at M = 1.60 of ACp for the tails 
on the circular and flattened aft ends. There appear to be no real differences 
in the ACp for the two configurations. The basic aerodynamic data for the 
flattened aft-end configuration are given in table B1 . Figure B3 shows the 
panel loads for the two configurations, and there only seem to be slight varia- 
tions in the two configurations, with the largest differences occurring at the 
higher angles of attack. Figure B4 shows the resulting center-of-pressure loca- 
tions, and the only difference seems to be an outboard shift in the center of 
pressure for 4>f = 90°. The scatter of data in figure B4 at the higher angles 
of attack results from dividing the panel moments by panel forces that approach 
zero. The overall conclusion is that the flattened aft end does not greatly 
improve the characteristics of tail B. 
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Figure B2 


Configuration 
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□ Flattened aft end 
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<c) 4)f = 135°; 4> = 45°. 

Figure B3.- Concluded. 
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a, deg 


(c) <)> f = 135°; <j> = 45°. 


Figure B4.- Concluded 
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TABLE I.- FIN CHARACTERISTICS 



t a 

t b 

T C 

Exposed area per panel, cm 2 

. . . 101.613 

92.926 

75.000 

Exposed semispan (reference span) , cm . . 

... 11.430 

11.430 

11.430 

Exposed root chord (reference chord) , cm 

. . . 11.430 

11.430 

11.430 

Maximum thickness, cm 

. . . 1.110 

1.110 

1.110 

Exposed aspect ratio 

... 1 . 286 

1.406 

1.742 

Exposed taper ratio 

. . . 0.556 

0.423 

0.333 

Leading-edge sweep, deg 

. . . 12.53 

30.000 

45.000 inboard 
14.040 outboard 

x HL/°r • • • 

. . . 0.467 

0.589 

0.680 
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(a) M = 1.60. 


Figure 2.- Effect of tail roll orientation on tail loads for T A at 6 = 0°. 
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a, deg 

(c) M = 3.70. 


Figure 2.- Concluded 



a, deg 


(a) M = 1.60; 4> f = 45°; <j> = 45°. 

Figure 3.- Effect of tail deflection on tail loads for T A . 
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Figure 3.- Continued 
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(c) M = 3.70; <}) f = 45°; 4> = 45° 

Figure 3.- Continued. 
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(d) M = 1.60; <j> f = 90°; <f> = 0°. 

Figure 3.- Continued. 
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2.4 



C BM 0 


(f) M = 3.70? <t> f = 90°; <J> = 0°. 

Figure 3.- Continued. 
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(h) M = 2.36; 4> f = 135°; 4> = 45°. 

Figure 3.- Continued. 
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a, deg 


(i) M = 3.70; $ f = 135°; <j) 


45 °. 


Figure 3.- Concluded 







(a) M = 1 .60. 

Figure 4.- Effect of tail roll orientation on tail loads for Tg at 5 = 0°. 
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a, deg 

(c) M = 3.70. 


Figure 4.- Concluded. 
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(a) M = 1.60; 4> £ = 45°; 4> = 45°. 

Figure 5.- Effect of tail deflection on tail loads for T B . 
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(b) M = 2.36; <j> f = 45°; $ = 45°. 

• Figure 5.- Continued. 
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(c) M = 3.70; $ f = 45°; 4> = 45° 

Figure 5.- Continued. 
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a, deg 

(d) M = 1 .60; 4> f = 90°; <j> = 0°. 

Figure 5.- Continued. 
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I = 2.36; <t> f = 90°; <J> 

Figure 5.- Continued. 
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(g) M = 1.60; 4> f = 135°; <J> = 45° 

Figure 5.- Continued. 






a, deg 


(h) M = 2.36; <J) f = 135°; $ = 45° 

Figure 5.- Continued. 
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(a) M = 1 .60. 


Figure 6.- Effect of tail roll orientation on tail loads for T c at <5 = 0°. 
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a, deg 


(b) M = 2.36. 
Figure 6.- Continued. 
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(c) M = 3.70. 
Figure 6.- Concluded. 
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(a) M = 1.60; <J) f = 45°; 4> = 45°. 

Figure 7.- Effect of tail deflection on tail loads for Tq. 
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(b) M = 2.36; <J> f = 45°; 4> = 45°. 

Figure 7.- Continued. 
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2.4 



a, deg 


(c) M = 3.70; 


<J> f = 45°; <j> = 45°. 


Figure 7.- Continued. 
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(d) M = 1 .60; 4> f = 90°; <$> = 0° 

Figure 7.- Continued. 
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a, deg 


(f) M = 3.70; 


<j> f = 90°; $ = 0°. 


Figure 7.- Continued 
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(g) M = 1.60; <J>f = 135°; <j> = 45° 

Figure 7.- Continued. 




(h) M = 2.36; 4> f = 135°; $ = 45°. 

Figure 7.- Continued. 
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a, deg 
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(i) M = 3.70; i)> f = 135°; 4> = 45° 

Figure 7.- Concluded. 
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Figure 8.- Comparison of balance-measured and pressure-integrated panel loads for 

at 5 = 0° and M = 1.60. 


67 




1 



O PRESSURE 
□ FORCE 



-8 -4 0 4 8 12 16 20 24 -8 -4 0 4 8 12 16 20 24 

a, deg a, deg 


TAIL 2 


(b) 4> = 22.5°. 


Figure 8.- Continued. 
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Figure 8.- Continued. 
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(d) (|) = 67.5°. 

Figure 8.- Continued 
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Figure 8.- Concluded. 
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Figure 9.- Comparison of balance-measured and pressure- integrated panel loads 

for T a at 5 = 0° and M = 2.36. 
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(b) <|> = 22.5°. 

Figure 9.- Continued 
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TAIL 2 TAIL 1 

(c) $ = 45°. 

Figure 9.- Continued. 
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(d) <|> = 67.5°. 

Figure 9.- Continued. 
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(e) <|> = 90°. 

Figure 9.- Concluded. 
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Figure 10.- Continued. 
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TAIL 2 . TAIL 1 . 

(c) (1) = 45°. 

Figure 10.- Continued. 
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(d) <(> = 67.5°. 

Figure 10.- Continued 
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TAIL 2 TAIL 1 

(a) $ = 0°. 

Figure 11.- Comparison of balance-measured and pressure- integrated centers 
of pressure for T A at 6 = 0° and M = 1.60. 
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Figure 11.- Continued. 
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Figure 11.- Continued. 
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(a) 4 ) = 0°. 

Figure 12.- Comparison of balance-measured and pressure- integrated centers of 
pressure for Tj at { = 0° and M = 2.36. 
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Figure 12.- Continued. 
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Figure 13.- Comparison of balance-measured and pressure-integrated centers of 
pressure for at 6 = 0° and M = 3.70. 
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Figure 13.- Continued. 
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Figure 14.- Comparison of balance-measured and pressure- integrated panel loads 

for T a at <$ = -15° and M = 1.60. 
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Figure 14.- Concluded. 
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Figure 15.- Comparison of balance-measured and pressure-integrated panel loads 

for T a at <5 = -15° and M = 2.36. 


99 





O PRESSURE 
□ FORCE 



a, deg a.deg 





1 



— ODOOQQQQffl GO CO 


NF 


a 


0 <0 


aa 


CP 


o 


.16 


C o — 
HM ^ 


-:08 


Q 


I i I i L 


Q 


<Q ©1 


Cfc 


Qg 


0OQQQQQ<Bl<Bl Q0 CD 


_j i i i i i i i i_ 


I . I . 


C BM ' 4 


-.8 


-1.2 L_ 


O 


® ©> 


an 


an 


a 


a 


Q 


-1 I u 


I I - 1 l_l 1 L 


h DDDOQQOaCD (LO CD 


J I I I I l__L 


I ■ 1 . . L I 


-8 -4 0 4 8 12 16 20 24 -8 -4 0 4 8 12 16 20 24 

a, deg a, deg 


TAIL 2 


TAIL 1 


(a) <)> = 0°. 


Figure 16.- Comparison of balance-measured and pressure- integrated panel loads 

for T a at 5 = -15° and M = 3.70. 
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Figure 17.- Comparison of balance-measured and pressure-integrated centers 
of pressure for at 6 = -15° and M = 1.60. 
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Figure 17.- Concluded. 
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Figure 18.- Comparison of balance-measured and pressure-integrated centers 
of pressure for at <5 = -15° and M = 2.36. 
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pressure for T A at 6 = -15° and M = 3.70. 
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